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are disclosed. An upstream vessel (12) contains molten glass, a down-
stream vessel (14) is arranged downstream of the upstream vessel, and
vacuum refining vessels (16, 18) are located between the upstream vessel
and the downstream vessel and are in separate, alternating fluid commu-
nication with the upstream vessel and in separate, alternating fluid com-
munication with the downstream vessel.
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VACUUM REFINING OF MOLTEN GLASS

The present disclosure is directed to a molten glass vacuum degassing/refining apparatus
and process.

Background of the Disclosure

Silica-based glass, such as soda-lime-silica glass, is prevalent in the manufacture of glass
containers and other articles. Molten glass used to make such articles is conventionally prepared
by melting various glass-forming materials in a furnace or tank at elevated temperature. During
this process, gases (e.g., SOz, CO», H>0O, etc) are produced, which may evolve to form undesirable
gas bubbles, “blisters” or “seeds” within the molten glass. The process of removing gaseous
inclusions from molten glass is referred to as "fining" or "refining" or “degassing.”

Those skilled in the art will appreciate that there are a variety of ways to remove or prevent
bubbles. These can include refining agents, high temperatures, and/or controlled pressures. In
some cases, it is possible to grow bubbles so that they gradually rise to the surface of the molten
glass and escape. Refining can occur inside or outside of a furnace or tank, such as in downstream
refining chambers.

Any discussion of the prior art throughout the specification should in no way be considered
as an admission that such prior art is widely known or forms part of common general knowledge
in the field.

Brief Summary of the Disclosure

According to a first aspect of the present invention, there is provided an apparatus to
refine molten glass, comprising:

an upstream vessel to contain molten glass;
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a downstream vessel arranged downstream of the upstream vessel; and

wherein a plurality of vacuum refining vessels located downstream of the upstream vessel
in separate, alternating fluid communication therewith, and located upstream of the downstream
vessel in separate, alternating fluid communication therewith, and wherein the refining vessels are
not in direct fluid communication with one another, and wherein the refining vessels are operated
in a mutually exclusive manner to provide a continuous flow of refined molten glass toward the
downstream vessel.

According to a second aspect of the present invention, there is provided an apparatus to
refine molten glass, comprising: an upstream vessel to contain molten glass; a downstream vessel
arranged downstream of the upstream vessel; and a plurality of vacuum refining vessels located
downstream of the upstream vessel in separate, alternating fluid communication therewith, and
located upstream of the downstream vessel in separate, alternating fluid communication
therewith, and wherein the plurality of vacuum refining vessels are operated in a mutually
exclusive manner to provide a continuous flow of refined molten glass toward the downstream
vessel, wherein the plurality of vacuum refining vessels includes a first vessel and a second
vessel, and wherein the first vessel is in an atmospheric or super-atmospheric pressure state
where the refined molten glass contained therein is being discharged therefrom into the
downstream vessel and the second vessel is in a sub-atmospheric pressure state where the molten
glass contained therein is undergoing vacuum degassing.

According to a third aspect of the present invention, there is provided an apparatus to refine
molten glass, comprising: an upstream vessel to contain molten glass; a downstream vessel
arranged downstream of the upstream vessel; and a plurality of vacuum refining vessels located

downstream of the upstream vessel in separate, alternating fluid communication therewith, and
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located upstream of the downstream vessel in separate, alternating fluid communication therewith,
and wherein the plurality of vacuum refining vessels are not in direct fluid communication with
one another, and wherein the plurality of vacuum refining vessels are operated in a mutually
exclusive manner to provide a continuous flow of refined molten glass toward the downstream
vessel, wherein the plurality of vacuum refining vessels includes a first vessel in an atmospheric
pressure state where the refined molten glass contained therein is being discharged therefrom into
the downstream vessel, and a second vessel in a sub-atmospheric pressure state where the molten
glass contained therein is undergoing vacuum degassing.

According to a fourth aspect of the present invention, there is provided a process for
refining molten glass including: (a) containing molten glass in an upstream vessel; (b)
distributing the molten glass to a first of at least two vacuum refining vessels downstream of the
upstream vessel, and vacuum refining the molten glass in the first vacuum refining vessel; and
(c) discharging refined molten glass from a second of the at least two vacuum refining vessels
into a downstream vessel, wherein the first and second vacuum refining vessels are in separate,
alternating fluid communication with the upstream vessel, and wherein the first and second
vacuum refining vessels are in separate, alternating fluid communication with the downstream
vessel, wherein the at least two refining vessels are operated in a mutually exclusive manner to
provide a continuous flow of refined molten glass toward the downstream vessel, and wherein
the first vacuum refining vessel is in an atmospheric or super-atmospheric pressure state where
the refined molten glass contained therein is being discharged therefrom into the downstream
vessel and the second vacuum refining vessel is in a sub-atmospheric pressure state where the

molten glass contained therein is undergoing vacuum degassing.
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According to a fifth aspect of the present invention, there is provided an apparatus to refine
molten glass, comprising: an upstream vessel to contain molten glass; a downstream vessel
arranged downstream of the upstream vessel; and a plurality of vacuum refining vessels located
downstream of the upstream vessel in separate, alternating fluid communication therewith, and
located upstream of the downstream vessel in separate, alternating fluid communication therewith,
and wherein the plurality of vacuum refining vessels are operated in a mutually exclusive manner
to provide a continuous flow of refined molten glass toward the downstream vessel, wherein the
plurality of vacuum refining vessels includes a first vessel and a second vessel, and wherein the
second vessel is in an atmospheric or super-atmospheric pressure state where the refined molten
glass contained therein is being discharged therefrom into the downstream vessel and the first
vessel is in a sub-atmospheric pressure state where the molten glass contained therein is
undergoing vacuum degassing.

An apparatus to refine molten glass, in accordance with one aspect of the disclosure,
includes an upstream vessel to contain molten glass, a downstream vessel arranged downstream of
the upstream vessel, and a plurality of vacuum refining vessels located downstream of the upstream
vessel in separate, alternating fluid communication therewith, and located upstream of the
downstream vessel in separate, alternating fluid communication therewith. The refining vessels
are not in direct fluid communication with one another, and wherein the refining vessels are
operated in a mutually exclusive manner to provide a continuous flow of refined molten glass
toward the downstream vessel.

A process for refining molten glass, in accordance with another aspect of the disclosure,
includes (a) containing molten glass in an upstream vessel; (b) distributing the molten glass from

the upstream vessel to a first of at least two vacuum refining vessels downstream of the upstream
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vessel, and vacuum refining the molten glass in the first vacuum refining vessel; and (c)
discharging refined molten glass from a second of the at least two vacuum refining vessels into a
downstream vessel, wherein the first and second vacuum refining vessels are in separate,
alternating fluid communication with the upstream vessel, and wherein the first and second
vacuum refining vessels are in separate, alternating fluid communication with the downstream
vessel.

Unless the context clearly requires otherwise, throughout the description and the claims,
the words “comprise”, “comprising”, and the like are to be construed in an inclusive sense as
opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including, but not

limited to”.

Brief Description of the Drawings

The disclosure, together with additional objects, features, advantages and aspects thereof,
will be best understood from the following description, the appended claims and the accompanying
drawings, in which:

FIG. 1 is a schematic view illustrating a process and apparatus having an upstream vessel
containing molten glass, a plurality of vacuum refining vessels located downstream of the
upstream vessel, a reservoir between the upstream vessel and the refining vessels, and a
downstream vessel to receive refined molten glass; and

FIG. 2 is a schematic view illustrating one of the vacuum refining vessels of FIG. 1.

Detailed Description

As explained briefly in the Background, molten glass may contain a large amount of
bubbles which desirably can be removed prior to forming into the desired product. Refining

involves removing gaseous bubbles from the molten glass, mainly gases coming from
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decomposition and chemical reactions during the melting process. The process and apparatus for
refining molten glass disclosed herein may be used to refine various silica-based glass
compositions as well as glass precursor compositions, and may be retrofitted or incorporated into
various glass manufacturing processes and various glass furnace designs.

FIG. 1 illustrates a schematic view of an apparatus 10 and process for refining molten glass.
The apparatus of FIG. 1 comprises an upstream vessel 12 for containing molten glass. Molten
glass may be produced from batch glass raw materials and/or cullet. The upstream vessel 12 may
include a furnace or tank. In some embodiments, the upstream vessel 12 is a glass melting
apparatus, such as a vacuum induction melter or a submerged combustion melter.

Submerged combustion melting (SCM) is a type of melting used in glass manufacturing.
In SCM, an air-fuel or oxygen-fuel mixture is injected directly into a pool of molten glass. Burners
may be arranged at the bottom of the molten glass pool, and stimulate melting of incoming cullet
and/or raw materials and combustion of the fuel from the bottom. As combustion gases bubble
through the molten pool, they create a high-heat transfer rate and turbulent mixing of the raw
materials and molten glass. Once the melted material achieves a uniform composition, it can then
be drained from the upstream vessel to be further processed and/or used to form desired products.

The SCM technique yields intense combustion, direct-contact heat transfer as combustion
gases bubble through the melt, and a high rate of heat transfer, giving high thermal efficiency.
Accordingly, SCM uses less energy to melt the raw materials and can utilize a smaller melter
and/or furnace as compared to other melting methods. Likewise, the molten glass spends less time
in the melter. SCM systems can be simple and inexpensive because the SCM vessel is tolerant of
a wide range in batch and cullet size, can accept multiple types of feed, and does not require perfect

feed blending prior to introduction into the melter vessel.
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The apparatus 10 also comprises a downstream vessel 14 arranged downstream of the
upstream vessel 12. In some embodiments, the downstream vessel 14 is a molten glass conditioner,
and molten glass leaving the downstream vessel 14 proceeds to a forming machine to make glass
containers, or to a forehearth to produce glass gobs, or other distribution channels or conduits
(which are not shown). In other embodiments, the downstream vessel 14 may include a reservoir,
forehearth, or any other receptacle suitable to contain, treat, and/or distribute molten glass. For
example, the downstream vessel 14 optionally includes a molten glass forehearth that distributes
the refined molten glass to a further downstream process. Alternatively or additionally, the
downstream vessel includes a molten glass conduit that delivers the refined molten glass to a
forming machine.

The apparatus 10 further comprises a plurality of vacuum refining vessels 16, 18 located
downstream of the upstream vessel 12 and upstream of the downstream vessel 14. In certain
embodiments, as illustrated in FIG. 1, the plurality of vacuum refining vessels 16, 18 is configured
in parallel. FIG. 1 illustrates an embodiment that makes use of two vacuum refining vessels 16,
18, but those skilled in the art will appreciate that more than two vacuum refining vessels may be
used.  The plurality of vacuum refining vessels 16, 18 are in separate, alternating fluid
communication with the upstream vessel 12, where the molten glass can be received into the
vacuum refining vessels 16, 18. In an illustrative embodiment, while the upstream vessel 12 is
dispensing molten glass into the vacuum refining vessel 16, the other vacuum refining vessel 18
is not receiving molten glass from the upstream vessel 12.

The apparatus 10 additionally comprises a reservoir 20 located downstream of the upstream
vessel 12 and upstream of the downstream vessel 14 and the vacuum refining vessels 16, 18. The

reservoir 20 is configured to receive molten glass from the upstream vessel 12 and distribute the
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received molten glass downstream to the vacuum refining vessels 16, 18. The reservoir 20 may
be open to atmosphere as schematically shown at an inlet 22, and may include a bottom wall 24
and one or more sidewalls 26 extending upwardly from the bottom wall 24. The walls 24, 26 may
be composed of refractory materials 25, at least in portions that contact the molten glass. Also,
the reservoir 20 may include a first outlet 28 in the bottom wall 24 at one side of the reservoir 20,
and a second outlet 30 in the bottom wall 24 at another side of the reservoir 20. Moreover, the
reservoir 20 may include first and second glass distributors 32, 34 corresponding to the first and
second outlets 28, 30, to control flow of glass out of the reservoir 20. In the illustrated
embodiment, the distributors 32, 34 may include plungers 33, 35 but those of ordinary skill in the
art will appreciate that the distributors 32, 34 may include any suitable types of valves or other
devices to control molten glass flow. Although not separately shown, the plungers 33, 35 may be
driven by electro-mechanical, hydraulic, or any other suitable type(s) of actuators, which, in turn,
may be controlled by any suitable machine controller(s).

This system of alternating fluid communication between upstream vessel 12 and downward
vacuum refining vessels 16, 18 may be accomplished through the aid of the reservoir 20 and its
plungers 33, 35, valves, vacuum pumps, evacuation systems, and the like. Valve(s) may be used
to prevent unwanted backward (i.e. upstream) flow of molten glass, and/or prevent unwanted
downstream flow of molten glass. It also may be applicable that the flow of molten glass occurs
naturally from the principle that fluids will move from areas of higher pressure to areas of lower
pressure. A vacuum pump and evacuation system may help maintain a suitably low pressure
environment within the apparatus, and may even continuously draw off gases that are released
from the molten glass as it flows through the apparatus 10. The evacuated gases may be captured

and stored in a tank for future reuse or sale. One or more vacuum ports may be provided in the
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apparatus 10 for removing or evacuating gases therefrom, for instance, through walls of the vessels
16, 18.

The vacuum refining vessels 16, 18 are located upstream of the downstream vessel 14 in
separate, alternating fluid communication with the downstream vessel 14, where the molten glass
in vacuum refining vessels 16, 18 is received into the downstream vessel 14. In an illustrative
embodiment, when the downstream vessel 14 is receiving molten glass from the vacuum refining
vessel 16, it is not also receiving molten glass from the vacuum refining vessel 18. This system
of alternating fluid communication between vacuum refining vessels 16, 18 and downstream vessel
14 may be accomplished through the aid of any suitable valves, vacuum pumps, and evacuation
systems, for instance, as discussed above.

With reference to FIG. 2, one or both of the refining vessels, for instance, the first vacuum
refining vessel 16, may include one or more vacuum chambers 36 that may include a bottom wall
38, a top wall 40, and one or more sidewalls 42 extending between the bottom and top walls 38,
40. The vessel 16 also may include a molten glass receiver 44 that may be open at an inlet 46, and
may include a bottom wall 48 and one or more sidewalls 50 extending upwardly from the bottom
wall 48. An outlet 52 of the receiver 44 may be provided in the bottom wall 48. The walls 48, 50
may be composed of refractory materials (FIG. 1 (25)), at least in portions that contact the molten
glass. Additionally, the vessel 16 may include one or more heating elements 54, for instance,
disposed adjacent exterior surfaces of the walls 48, 50, to maintain temperature of molten glass in
the receiver 44 at a desired level. Furthermore, the vessel 16 may include a glass distributor 56
corresponding to the outlet 52 of the receiver 44. In the illustrated embodiment, the distributor 56
includes a plunger, similar to plungers 33, 35, but those of ordinary skill in the art will appreciate

that the distributor 56 may include a valve or another device suitable to control glass flow.
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Although not separately shown, the plunger may be driven by electro-mechanical, hydraulic, or
any other suitable type(s) of actuators, which, in turn, may be controlled by any suitable machine
controller(s).

The refining vessels 16, 18 preferably are not in direct communication with one another,
and preferably are operated in a mutually exclusive manner to provide a continuous flow of refined
molten glass toward the downstream vessel 14. In certain embodiments, the vacuum refining
vessels 16, 18 are maintained at dissimilar pressure states, for example, alternating between sub-
atmospheric and atmospheric pressure (or even super-atmospheric pressure) states. For example,
when the vacuum refining vessel 16 is at an atmospheric (or super-atmospheric) pressure state
(e.g., 760 Torr), the molten glass contained therein is being discharged therefrom into the
downstream vessel 14. At the same time, the vacuum refining vessel 18 may be at a sub-
atmospheric state, where the molten glass contained therein is undergoing vacuum degassing. The
vacuum refining vessel 18 may also be receiving molten glass from the upstream vessel 12 while
in the sub-atmospheric state. Introducing the stream of molten glass into the vacuum refining
vessel 18 at sub-atmospheric pressure may cause gaseous inclusions in the stream of molten glass
to rise to a surface thereof and escape. It will be appreciated that the roles of vacuum refining
vessels 16, 18 can be reversed in the example above, where refining vessel 18 is at atmospheric
(or super-atmospheric) pressure and refining vessel 16 is at sub-atmospheric pressure.
Additionally and/or alternatively, both refining vessels 16, 18 could be simultaneously maintained
in a sub-atmospheric state, for example, at the same or different desired vacuum levels.

In one embodiment, when a vacuum refining vessel is at a sub-atmospheric state, a desired
vacuum level may be in a range of 10 to 760 Torr, including all ranges, subranges, endpoints, and

values therebetween, for instance 100 Torr. Moreover, the desired level of vacuum may be

10
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achieved by gradually decreasing pressure, for instance over a one-hour span to avoid excess
foaming of the molten glass. Also, after the desired level of vacuum is achieved, the vacuum level
may be maintained over a hold-time, for instance, 30 minutes. Thereafter, the vacuum refining
vessel may be vented back to atmospheric pressure before releasing molten glass therefrom, to the
downstream vessel 14. Use of the multiple refining vessels in parallel allows the gradual
decreasing of pressure within each individual refining vessel to the desired low pressure to
avoiding foaming and maintaining the hold time, while synchronizing the multiple refining vessels
and the alternating refining process to provide a continuous flow of refined molten glass to the
downstream vessel 14.

While it may be preferable to operate the refining vessels 16, 18 mutually exclusively with
respect to each other, it is also possible to operate the vessels 16, 18 simultaneously, or at the same
time, such that refined molten glass flows from the reservoir 20, into the refining vessels 16, 18,
and into the downstream vessel 14. In this aspect, it is also possible to maintain the refining vessels
16, 18 at similar or dissimilar pressure states.

The process of FIG. 1 can be understood with reference to the above description of the
apparatus of FIG. 1. The process of FIG. 1 includes containing molten glass in an upstream vessel,
for instance, a glass melter. The process also includes distributing the molten glass to a first of at
least two vacuum refining vessels downstream of the upstream vessel, and vacuum refining the
molten glass in the first vacuum refining vessel. The process further includes discharging molten
glass from a second of the at least two vacuum refining vessels into a downstream vessel, wherein
the first and second vacuum refining vessels are in separate, alternating fluid communication with
the upstream vessel, and wherein the first and second vacuum refining vessels are in separate,

alternating fluid communication with the downstream vessel.

11
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There thus has been disclosed an apparatus and process for refining molten glass. The
disclosure has been presented in conjunction with presently preferred embodiments, and
alternatives and modifications have been discussed. Other alternatives and modifications readily
will suggest themselves to persons of ordinary skill in the art in view of the foregoing description.
The disclosure is intended to embrace all such modifications and variations as fall within the spirit

and broad scope of the appended claims.

12
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Claims

An apparatus to refine molten glass, comprising:

an upstream vessel to contain molten glass;

a downstream vessel arranged downstream of the upstream vessel; and

a plurality of vacuum refining vessels located downstream of the upstream vessel in
separate, alternating fluid communication therewith, and located upstream of the downstream
vessel in separate, alternating fluid communication therewith, and wherein the plurality of vacuum
refining vessels are operated in a mutually exclusive manner to provide a continuous flow of
refined molten glass toward the downstream vessel, wherein the plurality of vacuum refining
vessels includes a first vessel and a second vessel, and wherein the first vessel is in an atmospheric
or super-atmospheric pressure state where the refined molten glass contained therein is being
discharged therefrom into the downstream vessel and the second vessel is in a sub-atmospheric

pressure state where the molten glass contained therein is undergoing vacuum degassing.

The apparatus of claim 1, wherein the upstream vessel is part of a glass melting

apparatus.

The apparatus of claim 2, wherein the glass melting apparatus includes a submerged

combustion melter that melts solid batch materials into the molten glass.

13
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The apparatus of claim 1, wherein the downstream vessel includes a molten glass

conditioner that conditions the refined molten glass.

The apparatus of claim 1, wherein the downstream vessel includes a molten glass

forehearth that distributes the refined molten glass to a downstream process.

The apparatus of claim 1, wherein the downstream vessel includes a molten glass conduit

that delivers the refined molten glass to a forming machine.

An apparatus to refine molten glass, comprising:

an upstream vessel to contain molten glass;

a downstream vessel arranged downstream of the upstream vessel; and

a plurality of vacuum refining vessels located downstream of the upstream vessel in
separate, alternating fluid communication therewith, and located upstream of the downstream
vessel in separate, alternating fluid communication therewith, and wherein the plurality of vacuum
refining vessels are not in direct fluid communication with one another, and wherein the plurality
of vacuum refining vessels are operated in a mutually exclusive manner to provide a continuous

flow of refined molten glass toward the downstream vessel, wherein the plurality of vacuum

14
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refining vessels includes a first vessel in an atmospheric pressure state where the refined molten
glass contained therein is being discharged therefrom into the downstream vessel, and a second
vessel in a sub-atmospheric pressure state where the molten glass contained therein is undergoing

vacuum degassing.

The apparatus of claim 1, wherein at least two of the plurality of vacuum refining vessels

are configured in parallel.

The apparatus of claim 1, wherein at least one vacuum pump is in fluid communication

with at least one of the plurality of vacuum refining vessels.

10.

The apparatus of claim 1, further comprising a reservoir located downstream of the
upstream vessel and upstream of the downstream vessel and the plurality of vacuum refining
vessels, and to receive molten glass from the upstream vessel and distribute the received molten
glass downstream to the plurality of vacuum refining vessels, wherein the reservoir is open to
atmosphere at an inlet, and includes first and second outlets and first and second glass
distributors corresponding to the first and second outlets to control flow of glass out of the

reservoir.

11.

A process for refining molten glass including:

15
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(a) containing molten glass in an upstream vessel;

(b) distributing the molten glass to a first of at least two vacuum refining vessels
downstream of the upstream vessel, and vacuum refining the molten glass in the first vacuum

refining vessel; and

(c) discharging refined molten glass from a second of the at least two vacuum refining
vessels into a downstream vessel, wherein the first and second vacuum refining vessels are in
separate, alternating fluid communication with the upstream vessel, and wherein the first and
second vacuum refining vessels are in separate, alternating fluid communication with the
downstream vessel, wherein the at least two refining vessels are operated in a mutually exclusive
manner to provide a continuous flow of refined molten glass toward the downstream vessel, and
wherein the first vacuum refining vessel is in an atmospheric or super-atmospheric pressure state
where the refined molten glass contained therein is being discharged therefrom into the
downstream vessel and the second vacuum refining vessel is in a sub-atmospheric pressure state

where the molten glass contained therein is undergoing vacuum degassing.

13.

The process of claim 11, wherein the upstream vessel is part of a glass melting apparatus.

14.

The process of claim 13, wherein the glass melting apparatus includes a submerged

combustion melter that melts solid batch materials into the molten glass.

15.

16
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The process of claim 11, wherein the downstream vessel includes a molten glass

conditioner that conditions the refined molten glass.

16.

The process of claim 11, wherein the at least two vacuum refining vessels are configured

in parallel.

17.

The process of claim 11, wherein at least one vacuum pump is connected to at least one of the at

least two vacuum refining vessels.

18.

The process of claim 11, further including the step of receiving molten glass from the
upstream vessel in a reservoir located downstream of the upstream vessel and upstream of the

downstream vessel and the at least two vacuum refining vessels.

19.

The process of claim 18, further including the step of distributing the received molten glass

from the reservoir downstream to the at least two vacuum refining vessels.

20.

The apparatus of claim 1, wherein the plurality of vacuum refining vessels are not in direct

fluid communication with one another during operation of the plurality of vacuum refining vessels.

21.

17
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The apparatus of claim 1, wherein the plurality of vacuum refining vessels are maintained

at dissimilar pressure states during operation of the plurality of vacuum refining vessels.

22.

An apparatus to refine molten glass, comprising:

an upstream vessel to contain molten glass;

a downstream vessel arranged downstream of the upstream vessel; and

a plurality of vacuum refining vessels located downstream of the upstream vessel in
separate, alternating fluid communication therewith, and located upstream of the downstream
vessel in separate, alternating fluid communication therewith, and wherein the plurality of vacuum
refining vessels are operated in a mutually exclusive manner to provide a continuous flow of
refined molten glass toward the downstream vessel, wherein the plurality of vacuum refining
vessels includes a first vessel and a second vessel, and wherein the second vessel is in an
atmospheric or super-atmospheric pressure state where the refined molten glass contained therein
is being discharged therefrom into the downstream vessel and the first vessel is in a sub-
atmospheric pressure state where the molten glass contained therein is undergoing vacuum

degassing.

18
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